On the other hand, if we are to believe some waste disposal studies, costs of more conventional waste disposal options are still very reasonable. Evaporation to the atmosphere is rated as "close to zero" costs, while underground injection wells and disposal in landfills are rated as "small to modest costsIo8(2) even though such disposal methods have been rated as environmentally harmful and will be increasingly narrowed in their use in the future.
In the generation of hazardous wastes, by far the largest generator is the chemical industry, with 6 8 % : followed by metal industries, 22%: petroleum related, 3%: and all other,
7%.(2)
These wastes, surprisingly, are generated in nearly equal amounts as air emissions, waste water discharges and as solid wastes. Chemical wastes include halogenated solvents, oxygenated solvents, hydrocarbon solvents, petroleum products, and unspent acids and alkalis. They are all good candidates for reuse and recovery.
There are many reasons for concluding that less chemical use is more, in the sense that there is more benefit to society and to the producer of the product from such practices. How companies decide to look for waste reduction opportunities is quite variable, but the bottom line is that the process must be seen to be cost-beneficial, either directly or indirectly (as avoided costs).
AUDITS
Some process changes happen "for the wrong reasons" and most do not occur as a result of a comprehensive audit. The economic desirability of the investment is measured by calculating the net present value, and the after-tax rate-of- lThe net present value is the discounted present value of the net 2Assumptions for operating characteristics and cost based on data annual benefits minus the initial capital and installation cost.
from (Church, 1985 4These assumptions reflect the actual and potential operating conditions of a particular installed system at Varian Corporation: the higher output rate for three shift operation is based on an estimate by a company manager. We use a slightly higher operating cost than was estimated by Varian to allow for uniform comparison with the other systems we examine. Net Dresent value and internal-rate of return of the dnvestment. The net present value (NPV) of the investment, based on after-tax cash flow, is calculated at a 10 percent discount rate (Table 1) . At a solvent price of $3.80, the NPVs vary from a low of $ 2 7 , 4 2 9 (small system; one shift) to a high of $1.351 million (large system: three shifts).
The corresponding internal-rates-of-return for these low and high conditions are 81.0% and 723.9%. -Operating and maintenance costs = $0.30 per gallon.
-After-Tax cash flow calculated using new tax law.
-Net present value calculated at 10% discount rate (not that net present value has initial capital cost subtracted from discounted benefits) .
At a solvent price of $1.90, which is 50% below the baseline price and lower than any of the prices we obtained, the NPV varies from $9,465 (small system; one shift) to $605,062 (large system, 3 shifts): the corresponding internal rates-of-return vary from a low of 37.7% to a high 337%. These are extraordinarily high rates of return, even at a solvent price that is 50% below the baseline price. Thus, even under the most conservative assumptions, an investment in small-scale recycling should pay itself back in less than two years, and under many conditions, in less than one year. If Freon-113, which has a market price nearly three times that of TCA ($9.73 per gallon versus $3.80), these investments should pay themselves back in a few months, at most.
